Objective. We evaluated the seroprevalence for measles, mumps, and rubella in school-age children (6-12 Vaccination; measles-mumps-rubella vaccine; antibodies, viral; Brazil.
The use of safe and effective vaccines has been a consolidated practice in public health since the 1970s, and has had a great impact on the incidence of infectious diseases. Furthermore, it is the public health practice that has been credited with the greatest cost-effectiveness. Since 1974 the World Health Organization (WHO), through the Expanded Program on Immunization, has carried out extensive global vaccination programs. Despite this, almost two million children still die each year from diseases that could be avoided by effective, safe, and low-cost vaccines (1, 2) .
Measles is the main example of this situation: Although an effective, lowcost vaccine is available, there are 40 million cases and 875 000 deaths per year, mainly in developing countries, with about half of these cases occurring in Africa (3, 4) . This situation is due to inadequate attention to vaccination in the promotion of health, as seen by the low vaccination coverage in these regions. In the Region of the Americas, the Pan American Health Organization (PAHO) has implemented vaccination programs for the eradication of measles since 1994, following the example of the successful eradication of polio in the Region. The basic strategies have been catch-up (mass vaccination), keep-up (routine vaccination), and follow-up (follow-up vaccination), along with the establishment of an effective surveillance system. These strategies resulted in substantial progress in the Region, where indigenous measles is no longer endemic. However, the data for epidemiologic and molecular surveillance indicate that countries in the Americas are continually exposed to the measles virus from other regions of the world (5-7). The WHO Strategic Plan for [2001] [2002] [2003] [2004] [2005] to reduce mortality and eliminate measles proposed the adoption of measures to reduce by 50% the annual number of deaths due to measles by 2005 in comparison to 1999 levels (875 000 deaths), and to achieve and maintain the interruption of indigenous transmission of the virus in large geographical areas (8) . The utilization of combined vaccines against measles, mumps, and rubella (MMR) in these vaccination programs will, it is hoped, also eliminate mumps and congenital rubella.
Mumps continues to be endemic in various regions of the world, and the number of outbreaks has recently increased (9, 10) . Controlling and eliminating rubella is important in public health because of the teratogenic effects that may occur when the infection is acquired during the first months of gestation. Wide circulation of the rubella virus has been documented in various countries of the world, and therefore the prevention of congenital rubella syndrome today constitutes a great challenge in public health (11, 12) .
Studies of the prevalence of antibodies against measles, mumps, and rubella in a given population are of interest as a way to objectively measure the proportion of the population that has been immunized. These data can also be used to support specific strategies and allocate resources toward the control of these three diseases, especially for the eradication of measles. Furthermore, the existence of well-tolerated and effective MMR (triple viral) vaccines constitutes a fundamental prerequisite for any extensive immunization program in infancy and childhood. It was for these reasons that we carried out this study, which was supported by the Ministry of Health of Brazil.
MATERIALS AND METHODS

Study design
This study was a double-blind, randomized clinical trial divided into two parts: The first evaluated the potential adverse reactions to three different vaccines, and the results were published previously (13) . The second part, reported here, evaluated seroprevalence before and after the administration of three different triple viral vaccines in schoolchildren between the ages of 6 and 12 years living in Porto Alegre and Santa Maria (Rio Grande do Sul, Brazil Children were excluded from the study if they presented any of the following contraindications for the triple viral vaccine: presence of congenital or acquired immunodeficiency; presence of malignant neoplasia; treatment with high doses of corticosteroids (equivalent to prednisone at a dose of 2 mg/ kg/day for children during one week or more) or with other immunodepressive therapies such as antineoplastic chemotherapy, radiotherapy, etc.; previous history of anaphylactic reaction to neomycin or chicken egg, understood as the appearance of urticaria, difficulty breathing, glottis edema, hypotension or shock up to 1 h after exposure to the allergen; pregnancy; use of normal human immunoglobulin, complete blood, or plasma infusion in the previous 3 months; or moderate to severe acute febrile condition at the time of enrollment. Table 1 shows the manufacturers and composition of each of the three MMR vaccines compared here, designated A, B, and C. The volume of each dose for all three vaccines was 0.5 mL, and the vaccine was administrated subcutaneously in the deltoid muscle of the arm. Before the vaccine was administered, a total of 692 blood samples (S1) were obtained, and 636 samples (S2) were collected 21 to 30 days after vaccination.
Vaccines used
Laboratory methods
Serum samples S1 and S2 were delivered to the Virology Division of the Laboratório Central do Rio Grande do Sul (LACEN/RS), where they were split into halves and stored in vials at -20°C and -80°C. IgG antibodies for measles, rubella, and mumps were studied with commercial enzyme-linked immunosorbent assay (ELISA) kits. Enzygnost (Behring, Marburg, Germany) was used for measles and mumps, and Rubenostika (Organon Teknica, Boxtel, the Netherlands) for rubella. Samples collected at S1 and S2 with negative or borderline results for measles and mumps (stored at -80 °C) were later tested with the plaque reduction neutralization test, and samples with negative or borderline results for the rubella were also checked with the hemagglutination inhibition technique. Tests with these two techniques were carried out at the Immunobiological Technology Institute of the Fundação Oswaldo Cruz. All assays were done according to the manufacturer's instructions.
Ethical considerations
The protocol for this research was approved by the Scientific and Research Ethics Committee of the Hospital de Clínicas de Porto Alegre and of the Federal University of Santa Maria. The parents or other persons responsible for the children received information and clarification about the vaccines used and possible risks of adverse reactions, and each parent or guardian signed a terms of consent form to allow their child to participate in the study.
Statistical analysis
Quantitative data are reported as the average (mean) and standard deviation, and were compared by analysis of variance (ANOVA); significance of the differences was determined with the Tukey test. Categorical data are reported as frequencies and percentages, and were compared with the chisquare test. Subgroups according to age and gender were compared with the chi-square test for linear trend. Confidence intervals were calculated at 95%, based on a binomial distribution. The data were processed and analyzed with the help of SPSS v. 12 software for Windows, and PEPI (Programs for Epidemiologists) v. 4.0.
RESULTS
Seroprevalence before vaccine administration
A total of 692 blood samples were obtained from the students aged 6 to 12 years and tested for the prevalence of antibodies against measles, mumps, and rubella before administration of the triple viral vaccine.
Antibodies for the measles. Of all samples, 79.2% [95% confidence interval (CI) = 76.0%-82.2%], 7.8%, and 13.0%, respectively, were positive, borderline, and negative for antibodies against measles (Table 2) . No significant association between seropositivity and gender (P = 0.60) was found. When schoolchildren were stratified by age, no linear trend was observed in the proportions of positivity, thus there was no evidence of increasing prevalence with increasing age (P = 0.08). No evidence of a linear trend in the proportions of seropositivity was found for measles when the sample was stratified according to gender and age (P = 0.37 for boys, P = 0.08 for girls).
Antibodies for mumps.
A total of 69.4% (95% CI = 65.8%-72.8%), 3.5%, and 27.2% of the samples were positive, borderline, and negative, respectively, for antibodies against mumps (Table 3) . No significant association between seropositivity and gender (P = 0.80) was found. When the sample was stratified by age, a positive linear tendency (P = 0.01) was observed, which demonstrated an increase in the proportion of seropositivity of 3.1% for each year increase in age. However, when the sample was stratified by gender and age, the analysis showed a significant difference between boys (P < 0.01) and girls (P = 0.46). This demonstrated that in boys, prevalence showed a growth effect in the proportion of seropositivity of 5.1% per year increase in age, whereas in girls there was no evidence of an annual increase in the proportion of seropositivity.
Antibodies for rubella. A total of 55.4%
(95% CI = 51.6%-59.2%), 0.6%, and 44.0% of the samples were positive, borderline, and negative, respectively, for antibodies against rubella (Table 4) .
No significant association between seropositivity and gender (P = 0.96) was found. When the sample was stratified by age, a positive linear tendency (P = 0.01) was observed, which demonstrated a growth of 3.8% per year increase in age. However, when the sample was stratified by gender and age, we found a significant difference between boys (P = 0.17) and girls (P = 0.01). The latter subgroup showed a positive growth effect of 4.9% per year increase in age, whereas among boys there was no evidence of a linear increase in seropositivity.
Seroprevalence after vaccine administration
Postvaccination blood samples were obtained for a total of 636 children. This sample (S2) was smaller than the prevaccination sample (S1) because 56 children were absent from the school on the day the second blood sample was collected. Table 5 compares the three vaccines according to age, gender, and proportions of seroconversion. The analysis showed that there was no statistical significance between age subgroups (P = 0.66) or gender (P = 0.43).
Twenty-one to 30 days after vaccination, antibody seroprevalence against measles showed seropositivity rates of 100.0% with vaccine A, 99.5% with vaccine B, and 100.0% with vaccine C. There were no statistically significant differences between the three vaccines (P = 0.39).
After vaccination, antibody seroprevalence against mumps showed seropositivity rates of 99.5% with vaccine A, 94.5% with vaccine B, and 92.0% with vaccine C. The rate of seropositivity was significantly higher with vaccine A than with vaccine B or C (P < 0.01 for both comparisons). The latter two vaccines did not differ significantly in seropositivity (P > 0.05).
Seropositivity rates against rubella after vaccination were 92.6% with vaccine A, 91.3% with vaccine B, and 88.6% with vaccine C. There were no statistically significant differences between the three vaccines (P = 0.35).
DISCUSSION
All sera were analyzed with the ELISA technique, an accurate test that correlates well with protection, and that is used in epidemiological studies (14) . Borderline and negative results were retested for greater precision with the plaque reduction neutralization test for measles and mumps, and the hemagglutination inhibition test for rubella.
Seroprevalence before vaccine administration
The school-age children (6-12 years old) who participated in this study had at least two opportunities to receive the measles vaccine: as a routine The results of the present study showed a 13.0% rate of seronegative findings and a 7.8% rate for borderline results ( Table 2 ). The WHO considers that the following proportions of susceptibility need to be achieved to interrupt the transmission of measles: < 15% at 1-4 years, < 10% at 5-9 years, and < 5% at age > 10 years (15) . The proportions of seronegative findings in our sample of schoolchildren were well above those considered safe by WHO for interrupting the transmission of measles.
A seroepidemiological study carried out in Brazil (São Paulo) by Cox et al. (16) found low concentrations of unprotective antibodies in children who had previously been vaccinated for measles. This study also considers that in this population, a proportion of individuals (with previous vaccination) had insufficient levels of antibodies for protection. Similar results were observed by Cutts et al. (17) in a study of antibody prevalence among children under the age of 15 years in Bolivia, with a rate of vaccine coverage of 77%. These authors found low levels of antibodies in a high proportion (30%-40%) of the population. These results, however, may be related to three main factors: low coverage of routine vaccination, primary and secondary vaccine failures, and vaccine effectiveness. Primary vaccine failure is the lack of an immune response after administration of the vaccine, and secondary vaccine failure is a drop in antibody levels over time to very low or undetectable (i.e., unprotective) levels (18, 19) .
Students between the ages of 6 and 12 years who participated in our study had not previously received mumps or rubella vaccination. They had been exposed to the indigenous virus, and therefore the antibody positivity rates we detected were due to naturally acquired infections, and reflected the circulation of the virus during this period. For mumps, we found an overall rate of seropositivity of 69.4% (95% CI = 65.8%-72.8%) ( Table 3) . No significant association was found between seropositivity and gender (P = 0.96), which is in agreement with earlier findings (20) . However, stratification of the results by age and gender showed that in boys, the proportion of positivity increased by 5.1% per year increase in age-an effect not observed in girls. We found no earlier studies in the Region of the Americas that correlated seroprevalence rates with age or gender.
For rubella, the overall rate of seropositivity was 55.4% (95% CI = 51.6%-59.2%) ( Table 4) . A seroepidemiological study by Souza et al. (21) involved 1 400 sera from a nonimmunized population of children in São Paulo between 2 and 14 years of age, and 329 sera from umbilical cord blood, and yielded the following results: at 6 years of age, 55.9% of the sera were positive; at 8 years, 57.6% were positive; at 10 years, 76.2% were positive; and at 14 years, 80.2% of the sera were positive. A 95% seropositivity rate was found in the umbilical cord blood of mothers between the ages of 20 and 29 years. The authors concluded that a large number of women were infected during their reproductive years, and that this population constituted an important public health problem. The Projeto Pesquisa de Anticorpos na Rubéola, Fundação Nacional da Saúde, Instituto Evandro Chagas (22) evaluated the prevalence in women in five states in Brazil. In the 7111 sera collected for this study, seropositivity in girls between 10 and 12 years of age was 59.9%. The results of this study are similar to ours, considering the age range studied.
We initially found no significant association between seropositivity for rubella and gender (P = 0.96). However, when the sample was stratified by gender and age, we found a significant difference between boys (P = 0.17) and girls (P = 0.01), with girls showing a positive growth effect of 4.9% per year increase in age, whereas among boys there was no evidence of any growth effect. Morgan-Capner et al. (23) , in their study of antibodies for measles, mumps, and rubella in England, found that the proportion of subjects who did not have rubella antibodies was significantly lower in girls and women than in boys and men between the ages of 10 and 30 years (P < 0.01). The authors related this finding to the selective effect of vaccination for rubella in girls and women. Studies in Canada by Mitchell et al. (24, 25) suggested the existence of hormonal and genetic influences in specific immunity to the rubella virus. This raised the possibility of differential responses to infection, which might explain why women are more predisposed to the adverse results of rubella infection and immunization. It should be noted that in our previous study, which evaluated the reactogenicity of the vaccines, joint manifestations (e.g., arthralgia) possibly linked to the rubella compo- 
Seroprevalence after vaccine administration
This study also analyzed the prevalence of antibodies for each of the components of the three vaccines 21 to 30 days after administration. All three vaccines showed good seroconversion rates for measles, mumps, and rubella ( Table 5) . The results are similar to other studies documenting that mass vaccination can be a useful strategy for the control of these diseases. Panutti et al. (26) observed a significant difference in the prevalence of antibodies in a São Paulo population when they compared those vaccinated in the 1987 mass vaccination campaign (98%) with those who were not vaccinated (91.3%). Bartolini et al. (27) and Massad et al. (28) also obtained similar results.
Evaluation of the protective capacity of the different triple viral vaccines is important mainly to inform the selection of the viral strains that make up the vaccines. Although these vaccines use different strains for measles, all of them originated from the Edmonston strain. The rubella component, strain RA 27/3, was the same in all three vaccines used in this study (29) . However, different strains were used for the mumps component: Leningrado-Zagreb in vaccine A, Jeryl-Lynn in vaccine B, and Urabe in vaccine C. Various studies have examined the reactogenicity and immunogenicity of the Jeryl-Lynn and Urabe strains. These studies have shown that vaccines containing the Urabe strain led to significantly higher rates of aseptic meningitis as an adverse reaction than those with the JerylLynn strain. Triple viral vaccines with the Leningrad-Zagreb strain have been used in millions of children around the world (30) . Studies with this strain were done mostly in Yugoslavia between 1976 and 1980, and the results were reported in an article by Beck et al. (31) . These studies showed seroconversion rates between 88.0% and 98.0%, with no significant differences in adverse reactions between the control and vaccinated groups. The present study found a seroconversion rate for this strain of 99.5%, which was significantly higher than the other two vaccines (P < 0.01) (Table 5 ). Furthermore, in our analysis of reactogenicity and the potential adverse reactions of the three vaccines studied here (13) , vaccine A (with the L-Zagreb strain for measles) showed greater reactogenicity, manifested mainly as greater parotid gland swelling, with a relative risk of 5.72 compared to vaccine B (Jeryl-Lynn strain) and a relative risk of 2.33 compared to vaccine C (Urabe strain) (13) .
One limitation of this study is the time interval between data collection and analysis. However, ours are the only data available for the prevalence of these diseases in the region during the period that preceded introduction of the triple viral vaccine in the vaccination calendar in our setting, before the mass measles vaccination campaign of 1992. Our results can help to monitor the effects of vaccination strategies under development. Additionally, our immunogenicity results document the effectiveness of the different vaccine strains used, especially strain L-Zagreb for mumps. We have found no similar comparative studies of these three vaccines in the literature.
Age and sex variables were homogeneously distributed among the three vaccination groups. However, the number of boys and girls vaccinated at each school varied, and this might have introduced a degree of possible systematic bias in the study.
Seroprevalence data obtained before the administration of the triple viral vaccines showed that in the sample of schoolchildren vaccinated against measles at age 9 months, 20.8% of the subjects had insufficient levels of antibodies for protection. In the sample of schoolchildren without previous vaccination against mumps and rubella, the mean rates of susceptibility were 30.7% and 44.6%. The vaccines studied showed good immunogenicity for measles, mumps, and rubella with very good levels of seroconversions, and vaccine A (Tresivac) showed a seroconversion rate of 99.5% for the mumps component, a rate significantly higher than that achieved by the other two triple viral vaccines. 
